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LACTOBACILLUS AND SKIM MILK COMPOSITIONS AND METHODS FOR PREVENTING MICROBIAL 
UROGENITAL INFECTIONS 

PTTTT.n OP THE INVENTION 

This invention relates to compositions and 
5 methods employing said compositions for preventing 
urogenital tract infections - 

BACKGROUND TO THE INVENTION 
It is well known that indigenous , non- 
pathogenic bacteria predominate on intestinal, vaginal 

10 and uro-epithelial cells and associated mucus in the 
healthy state, and that pathogenic organisms (such as 
bacteria, yeast, chlamydia, viruses) predominate in the 
stages leading to and during infections. Organisms such 
as Escherichia coli , enterococci , Candida, Gardnerella 

15 and Klebsiella originate from the bowel , colonize the 

perineum, vagina, urethra and can infect the bladder and 
vagina. Treatment with antimicrobial agents is required 
J to eradicate the organisms. However, infections can and 
do recur, for the urinary tract in an estimated 80% of 

20 cases. Prolonged use of antimicrobial agents creates drug 
resistant pathogens, breakthrough infections and a 
disruption of the normal flora. The possibility that 
indigenous bacteria have a role in preventing infection 
has been postulated for many years, but few studies have 

25 been carried out to identify specific bacteria and their 
properties required for such an effect. United States 
patent no. 4,314,995 to Hata et al . investigated 
anaerobic, lactobacilli-like organisms as a means of 
treating a number of infectious diseases, but no 

30 consideration was given to the combined importance of 
their hydrophobicity , hydrophillicity , adhesiveness to 
biomaterials , epithelial cells, mucus and tissues, and no 
discussion was included to prevent urogenital infections. 
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U.S. patent No. 4,347,240 to Mutai et al. discloses a 
composition and method employing a specific strain of 
lactobacilli to inhibit tumour grov/th. 

In recent years, our group has investigated the 
5 use of lactobacillus to prevent recurrent urinary tract 
infections, particularly in adult women. Our conclusion 
has been that the ability of lactobacilli to adhere, 
inhibit, competitively exclude and coaggregate formed the 
basis for the protection of the host. However, new and 

10 more important information has now come to light, further 
to hiaman and experimental studies. The invention now 
takes into account a new infectious state (post- 
antimicrobial urogenital infections) as distinct from 
simple urinary tract infection. The former is initiated 

15 following use of antimicrobial agents . This application 
was not obvious previously, as previous literature has 
concentrated on virulence characteristics of pathogens 
causing problems, ignoring the fact that recurrences can 
follow the use of external agents. We previously 

20 recognized resistance to nonoxynol-9 as being important 
" for selection of lactobacillus. However, the usage of 
this agent is not universal, and just because a strain 
can resist its action does not infer that it offers every 
lactobacillus strain the crucial component of protecting 

25 the host. 

The ability of lactobacillus to produce 
inhibitory substances has been believed by us to be 
important. One obvious such product would be hydrogen 
peroxide. However, based upon our latest findings, this 
30 property is present in strains that do and those that do 
not protect women from reinfection. Thus, inhibitory 
activity is not the primary mechanism for prevention of 
infection. 

The adherence of lactobacillus to epithelial 
35 cells has been regarded as important in the context of 
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blocking access of patihogens to surfaces. However, what 
was not recognized previously was the hydrophobic and 
hydrophillic properties of these strains and the 
production of proteinaceous adhesions into the 
5 environment (supernatant). These new findings were not 
obvious and in fact describe totally new methods whereby 
lactobacilli colonize biomaterial and human cell 
surfaces. The use of intestinal cell monolayers has 
provided a system more closely related to the in vivo 

10 situation, showing that colonization of the intestine (to 
compete with uropathogenic organisms before they emerge 
to colonize the urogenital tract and infect the bladder 
and vagina) must reach higher levels (10 to 165 
lactobacillus per cell) to achieve potential protection. 

15 In addition, we now realise that the in vitro 

adherence levels for lactobacillus to uroepithelial cells 
bear little resemblance to those found in the in vivo 
situation, when compared directly. In other words, a 
count of 65 bacteria per cell in vitro does not always 
. 20 give a count of 65 per cell in vivo. All it can show is 
that the strain has adhesion potential • In fact, we now 
know that a level of >0 bacteria per vaginal cell in vivo 
(along with evidence of some adhesion on cells even when 
the mean is zero), and a viable count of >100 

25 lactobacillus per ml from" a tissue swab, is a preferred 
characteristic to measure adhesion. The preferred 
characteristic for the desired result is for a strain to 
colonize the surface and retain viability and reproduce. 
A better understanding of the species of 

30 lactobacilli in the vagina has now been acguired by us. 
In addition, new strains have been examined for various 
parameters, and their origin, type, identity and 
properties were not previously known or assumed. 

We previously recognized that lactobacillus 

35 adhesion to urinary catheters could provide a mechanism 
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for protecting a catheterized patient against urinary 
tract infection. Infections in these patients are 
widespread and can be fatal, especially in an acute care 
setting. Data has been accumulated (Hawthorn and Reid, 
5 "Exclusion of uropathogen adhesion to polymer surfaces by 
T.actobacillus a cido philus ". Journal of Biomedical 
Materials Research, Vol. 24, 39-46 (1990)) to further 
support the theory that lactobacillus coated onto a 
catheter can prevent uropathogenic bacteria from 

10 adhering. However,, the practicality of adhering 

lactobacillus to a prosthetic device in a manner that 
would provide a stable product was not obvious, nor was 
it investigated. Rather, the new information on 
lactobacillus demonstrates that catheter colonization 

15 should come via hydrophobic and hydrophillic adhesion of 
the organisms to the urethra, from where they themselves 
will attach to the catheter. This new approach is a 
significant deviation from the published works, as it 
takes account of the new lactobacillus properties and the 

20 knowledge that catheters are either hydrophobic (TFX 
' silicone) or hydrophillic (Bard and Kendal Foley 
Lubricated catheters). It also provides a new concept, 
whereby the lactobacilli do not block uropathogenic 
adherence as the main means of protecting the host 

25 directly, but rather they bind with the uropathogens and 
form a more normal flora that is less able to infect the 
host. 

The use of skim milk as a potential carrier for 
lactobacillus was previously considered by us. However, 

30 no investigations had been carried out witJi this 
substance. In addition, the material was seen as a 
neutral component that, if anything, would provide a 
lactobacillus preparation with stability and growth 
potential in the host. What was not appreciated and what 

35 has now been discovered is that specially prepared skim 



• i 
wo 93/09793 



PCT/CA92/00491 



5 

milk and other specific lactobacillus growth factors, 
called LGF, can be used to stimulate the growth of a 
patient's own normal flora, to the extent that it could 
protect the patient against urogenital infection. 
.5 By "specially prepared skim milk" is meant skim 

milk suspended in phosphate buffered saline, autoclaved 
to eradicate proteinaceous and living contaminants, then 
freeze dried. By "specific lactobacillus growth factors" 
is meant substances which stimulate preferentially only 

10 growth of lactobacillus and not uropathogens , or 
alternatively which stimulate significantly more 
lactobacillus than uropathogen growth. These latter 
substances are present in skim milk power, lactobacillus 
microbiological growth media and in other composite 

15 compounds and elsewhere. 

SUmCARY OF THE INVENTION 

The present invention provides a method for the 
prevention of post-antimicrobial infections caused by 
pathogenic organisms which comprises administering skim 

20 milk powder vaginal suppositories, LGF or an amount of 
hydrophobic and/or hydrophillic lactobacillus which have 
a contact angle with water >19 degrees, which are highly 
adherent to biomaterials , intestinal, vaginal and uro- 
epithelial cells, which are resistant to certain 

25 antimicrobial agents and which dominate the urogenital 
flora. 

The invention utilizes safe and effective 
amounts of one or more of the said aforementioned skim 
milk LGF substance or lactobacilli in a pharmaceutically 
30 acceptable carrier. The actual composition can be 

instilled in the form of a freeze dried preparation, 
cream, paste, gel, liquid or suppository for intestinal, 
oral, vaginal, urethral or periurethral instillation. 

By "safe and effective" as used herein is meant 
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an amount high enough to significantly positively modify 
the condition to be treated but low enough to avoid 
serious side effects (at a reasonable benefit/risk ratio) 
within the scope of sound medical judgement. The safe and 
5. effective amount will vary with the particular condition 
being treated, the severity of the condition, the age and 
physical condition of the patient, and the type of 
preparation or lactobacillus being used. 

in the practice of the method as hereinabove 

10 defined the lactobacillus may be administered as viable 
whole cells. The lactobacillus species may be 
aerobically grown, preferably selected from the group 
consisting of r.. casei . T- qQi dophi lus , F- Plaptarum , 
feirmentum . T.. nensenii . L- gasggri/ T,. rrellOblOSUS , 

15 riT-is patus . «r.rt T.. brevis . more particularly, selected 

from the group consisting of 7^. casgj var rhapnpsus GR-1, 
T.. -P^TTnentum B-54 . IL . casei RC-17, RC-15, 55, 8, 70, 36, 
62, 65, T ;.r^-rrionhilus RC-14 , 68, 75, T.. p1antarip» RC-20, 
RC-6, T..iensenii RC-28, j. pasei RC-15, and L- qasseri 

20 ^60. 

The lactobacillus species may be 
microaerophillically grown, preferably, selected from the 
group consisting of t.. casei, J., qnldophims, 
plantarum . T.. -F^TTnentum. T- jgnsgnxi. T-t gags^ri- , 

25 cellobiosus . h^_cEi,SES&iiS.> and I^- brevis , more 

particularly, selected from the group consisting of 
casei var T-hamnosus GR-1, T- f^rTO^ntWm B-54, I- casei RC- 
17, RC-15, 55, 8, 70, 36, 62, 65, T- acidophilus RC-14, 
68, 75, T.. plantarum RC-20, RG-6, J,, jensenii RC-28, 

30 casei RC-15, and f - gasseri 60. 

The infection may be associated with the use of 
a urinary catheter or other prosthetic device. 

In further aspects, the invention provides a 
method for the prev ntion of urinary tract infections of 

35 a mammal in need of such treatment which comprises 
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coating at least a portion of the urogenital tract and/or 
biomaterial prosthesis with lactobacillus , skim milk or 
LGF; and a method for the prevention of urinary tract 
infections of a mammal which utilizes a composition 
.5 comprising lactobacillus organisms, skim milk or LGF 
within a suitable pharmaceutically acceptable carrier. 

The pharmaceutically acceptable carrier may be 
in the form of a gelatin suppository, especially useful 
for oral and/or vaginal implantation, and comprise skim 
10 milk or LGF in powder or other form. 

The lactobacillus of use in the practice of the 
invention further preferably attaches to human epithelial 
cells to a level of 10 to 165 organisms per cell; and 
wherein the mechanism of adhesion of lactobacillus 
15 involves hydrophobic or hydrophillic interactions and 
involves non-proteinaceous cell wall adhesions on the 
lactobacillus and proteinaceous adhesions in the 
surrounding supernatants . 

In a more preferred aspect, the invention 
20 provides a method to prevent post-emtimicrobial 

urogenital infections caused by pathogenic organisms 
which method comprises administering an amount of skim 
milk, LGF, lactobacillus, or supernatant within a 
pharmaceutically acceptable carrier* 
-25 Preferably, the pathogenic organisms are- 

bacteria or fungi. 

In a most preferred aspect, the invention 
provides a method to prevent recurrent urogenital 
infections in mammals caused by pathogenic organisms 
30 which method comprises the steps of (a) administering an 
effective amount of a urogenital antimiobial agent to 
sxabstantially eradicate agent - vulnerable said 
pathogenic organisms; and 

(b) administering an effective amount of skim 
35 milk powder vaginal suppository, LGF or hydrophobic 
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and/or hydrophillic lactobacillus which have a contact 
angle with water >19 degrees, which colonize 
biomaterials, intestinal, vaginal and uroepithelial 
cells, which are resistant to said antimicrobial agent, 
5 and which dominate the urogenital flora. 

In a further aspect of the invention the method 
comprises administering said urogenital antimicrobial 
agent in admixture with said skim milk and/or LGF and/or 
lactobacillus . 

10 An example of such an admixture is a 

suppository containing 0.25g freeze dried lactobacillus, 
plus 0.25g specially prepared skim milk powder or LGF 
plus 160mg trimethoprim plus SOOmg sulfamethoxazole. 
Alternatively, it contains 0.25g freeze dried 

15 lactobacillus, plus 0.25g specially prepared skim milk 
powder or LGF, plus 4O0mg norfloxacin. Other 
antimicrobial agents include those used to treat urinary 
tract infections, namely: penicillins, beta-lactams , 
aminoglycosides , cephalosporins , tetracyclines , 

20 nitrofurantoins, fluoroquinolones, as well as other 
■ agents and combinations, in addition to nystatin, 
estrogen and nonoxynol-9. These suppositories are 
administered preferably by oral route but also by vaginal 
route, in an appropriate amoiant and for a suitable 

25 duration to have the desired effect (for example, twice 
daily for three to seven days). 

Accordingly, the invention further provides a 
pharmaceutical composition comprising said urogenital 
antimicrobial agent in admixture with said skim milk 

30 and/or lactobacillus and/or LGF and, optionally, a 
pharmaceutically acceptable carrier, therefor. 

Thus, the invention provides novel m thods of 
preventing post-antimicrobial urogenital infection by 
either the two-step method defined, hereinabove, or by 

35 the above single step incorporating the concurrent 
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eradication of antimicrobial susceptible pathoqenic 
organisms by said antimicrobial aqent toqether with 
enhancement of the natural flora over said pathoqenic 
organism resistant to said antimicrobial aqent by the 
5 presence of said skim milk, LGF or lactobacillus . 

Examples of urogenital antimicrobial agents of 
use in the practice of the invention are nonfloxacin and 
- trimethoprim/sulfamethoxazole (TMP/SMX or co- 
trimoxazole) . 

10 Each of the ingredients, antimicrobial agent , 

skim milk, LGF and lactobacillus strains are provided 
during the method in sufficient amounts to effect 
treatment. Such amounts and methods of applications 
required reside within the skill of the art. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be illustrated by means 
of the following non-limiting examples, wherein Figure l 
illustrates the number of lactobacillus per ml isolated 
from vaginal swabs taken from the two patient groups 
during the 12 month study of Example 2. 



15 



20' 



Example 1 

In order to verify that lactobacillus 
— suppositories and skim milk suppositories can reduce the 
recurrence of urinary tract and vaginal infections, a 

25 study was performed on 40 patients. Each patient had 
urinary tract infection and was treated with 3 days 
antimicrobial therapy (norfloxacin or co-trimoxazole) 
then given one vaginal suppository immediately after 
cessation of therapy. The gelatin suppository contained 

30 >10' viable L. casei GR-1 and L. fermentum B-54 which are 
known to adhere to cells and produce inhibitory products 
against uropathogenic organisms. Control patients 
received specially prepared skim milk powder in the same 
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capsules at the same dosage. The suppositories were given 
two times a week for two weeks, then only once at the end 
of the first and second month- The recurrence rate after 
six months was expected to be over 60% based upon 
5 literature reports. The results showed: 

- Recurrence rate with lactobacillus suppositories = 

21% 

- Recurrence rate with specially prepared skim milk 
suppositories = 47% 

10 - More recurrences occurred after co-trimoxazole 

therapy 41% than after norfloxacin therapy 29%. 

In more detail, the materials and methods were 
as follows: 

Patients 

15 Forty-one premenopausal women, mean age 23 

(±4.4) years, entered the study via one of two university 
outpatient clinics. Patients were not included in the 
study if they were pregnant or diabetic; if they had 
known allergies to fluoroquinolones or TMP/SMX or a 

20 history of urinary cancer or other complications 
associated with the virinary tract (eg. urinary 
obstruction); or if they were taking any medications 
other than those used in the study. Patients were 
included in the study if they showed signs and symptoms 

25 of acute lower UTI with dysuria, frequency, urgency, or 
nocturia, but no flank pain or fever. They also had to 
have positive screening results for bacteriuria based on 
a test of a fresh, midstream urine specimen using a 
leukocyte esterase strip. During the study, patients 

30 were not catheterized nor were they given systemic 

antimicrobials or anticoagulants. Informed consent was 
obtained from the patients and the clinical research was 
conducted following the guidelines for human 
experimentation of the Toronto General Hospital- 
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Stiudy Desicm 

The sample size was calculated, not to 
determine significant efficacy, but rather as a 
preliminary examination of safety and of potential for 
5 use in postantimicrobial suppository therapy. 

Each study patient was given a three day supply 
of either norfloxacin (400 mg twice daily) or TMP/SMX 
(160mg/800mg) . The allocation was blinded and random. 
Urine culture confirmed the presence or absence of 

10 bacteria (>10^ organisms per ml of urine) and if no 

organisms were detected, the therapy was discontinued on 
day 2, On day 3, each patient randomly received one 
capsule of freeze-dried lactobacillus or (as placebo) 
sterilized skim-milk powder to be used intravaginally . 

15 The suppositories were inserted twice weekly for two 
weeks, and then at the end of each of the next two 
months. Urine cultures were taken during follow-up 
visits at 48 hours, two weeks, five weeks, three months, 
and six months. At the same time, vaginal swabs were 

20 obtained and cultured semiquantitatively in MRS (deMan, 
Rogosa, Sharpe) agar to determine if lactobacilli were 
present and which types of flora were dominant. 

Vaginal Suppositories 

- Lactobacillus casei var rhamnosus GR-1 and 

25 Lactobaci 1 lus f ermentum B-54 were cultured for 24 hours 
at 37 °C with 10% carbon dioxide in MRS broth, washed in 
phosphate-buffered saline, and resuspended in 10% 
specially prepared skim-milk powder. To each size AA 
gelatin capsule was added 0.5gm of lactobacilli, 
30 representing more than 1.6 X 10* organisms per vial. 

(These organisms have a long shelf life; their viability 
has been found to drop less than 10% within 12 months). 
The skim-milk powder was suspended in saline, sterilized, 
and placed in 0.5g capsules identical to those containing 
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the lactobacilli . Both types of capsules were then 
packaged in sterile plastic containers, which were 

randomly dispensed by the hospital pharmacy. ^ 

Outcomes Monitored 
5 Two outcomes were monitored; (1) whether 

antimicrobial therapy eradicated the bacterial UTI and 
eliminated symptoms within three days, and (2) to what 
extent infections recurred- Asymptomatic and symtomatic 
bacteriuria were monitored. Adverse side effects were 
10 determined by questioning the patients about signs of 
rash, vomiting, diarrhea, nausea, irritation, or 
discharge. cultures were taken to identify vaginal yeast 
and other potential pathogens. 

Results 

15 The most commonly isolated organisms were 

Escherichia coli (65%), followed by coagulase-negative 
staphylococci (15%), coliforms (13%), Klebsiella sp (5%), 
and Proteus sp (2%). All the organisms cultured were 
'susceptible in vitro to norfloxacin and TMP/SMX. The 

20 three day norfloxacin therapy was marginally more 

effective than TMP/SMX (100% vs 95%) in eradicating UTI 
from the bladder; however, the difference was not 
statistically significant. Only one patient was removed 
from the study because of no growth of bacteria from the 

25 urine culture. No side effects were reported by or 
recorded for any other patients ,r nor did any patients 
show evidence of superinfection. 

A 

Six patients decided not to take suppositories 
because their infections had been cleared and they felt 
30 well- Two patients failed to return for their five-week 
appointment due to university exams and travel problems, 
and one patient dropped out of the study due to an 
unrelated pneixmoniae. One woman moved out of the 



wo 93/09793 



PCT/CA92/00491 



13 



province and could not make the six month appointment . 
Overall, 31 of the original 41 patients complied well 
with the study regimen. 



Table 1; 



Rates of eradication and recurrence of urinary 
tract infection (UTI) by type of therapy. 



Therapy 


No. of 
Patients* 


UTI 
Eradication 


UTI 
Recurrences 
t 


Norfloxacin 


20 


20 (100%) 


4/14 (29%) 


Plus lactobacilli 
(10) 


6 




2 


Plus placebo (10) 


8 




2 


Trimethoprim/ 
s ul f ame t hoxa z o 1 e 


. 20 


19 (95%) 


7/17 (41%) 


Plus lactobacilli 
(9) 


8 




1 


Plus placebo (11) 


9 




6 



10 



15 



20 



* All 40 patients were evaluated for eradication of UTI 
but nine did not return for long-term follow-up and so 
could not be included in recurrent UTI analysis. 
tNet recurrence rates: with lactobacillus , 21%; with 
pladebb, 47% (P=0.27). 



As shown in Table 1 above, the symptomatic UTI 
recurrence rate for norf loxacin-treated patients was 29% 

25 and for TMP/SMX treated patients was 41% (P= 0.77, chi- 
square). In addition, one asymptomatic infection was 
detected. Only one patient had more than one infection 
(two detected) during the study. Recurrences of UTI were 
treated with a three-day course of norfloxacin. 

30 Recurrences for lactobacillus treated patients occurred 



SUBSTJiUTE SHEET 
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at. two weeks (one j>atient) and at three months (two 
patients), giving an overall recurrence rate of 21%. In 
comparison, patients given skim milk suppositories 
experienced a recurrence rate of 47% with recurrences at 
5, two weeks (three patients)^ five weeks (one), two months 
(two), and six months (two) (P=0.27, chi-square) • The 
causative organisms in the recurrences were E coli 
(nine), coagulase-negative staphylococci (one), and 
enterococci (one). Lactobacilli were absent from the 

10 vaginas of 50% of the patients upon entry into the study. 
Treatment with lactobacilli resulted in a threefold 
increase in lactobacillus counts. Some patients who 
received specially prepared skim milk suppositories had 
an increase in their lactobacillus counts following 

15 therapy (eg. 4.4 X lOVml lactobacilli in a vaginal swab 
specimen upon entry, 1.2 X lOV^l after two weeks, and 9.6 
X lOVrol after two weeks, and 9-6 X 10^1 after five 
weeks ) , showing the ability of this agent to stimulate 
the patients' own lactobacilli. 

20 The present study supports the prior art 

'finding that norfloxacin and TMP/SMX are effective in 
eradicating acute, uncomplicated cystitis. In this 
study, the organisms causing recurrences were typical 
uropathogens , suggesting that suppositories did not 

25 induce infection by less common isolates. Patient 
compliance with the study regimen was fairly good, 
considering that the patient population comprised 
university students whose follow-ups were often dictated 
by exam schedules and departure from campus to return to 

30 homes outside Toronto. Indigenous lactobacilli were 
present in the vaginas of patients who received TMP/SX 
therapy followed by specially prepared skim milk 
suppositories. 

The use of lactobacillus suppositories was well 

35 received and although only a small dosage was given. 
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patients experienced a low rate of recurrence of UTI , 
without side effects or candidal superinfection. The 
current alternative for patients with recurrent UTI is 
daily doses of antimicrobial agents, sometimes for as 
5 long as five years. The use of daily doses of 

antimicrobial agents, especially TMP/SMX, to kill or 
inhibit the growth of uropathogens is effective and is 
used by most urologists; however, with this treatment 
some breakthrough infections can occur, drug resistant 
10 pathogens can emerge, and lengthy patient compliance is 
required- 

The present study was not designed to compare 
lactobacillus suppositories with prophylactic TMP/SMX. 
The sample size was not chosen for efficacy. However, 
15 the study does not show the safety of the approach, an 
acceptable degree of effectiveness with limited therapy, 
and a particular potential for combined use with TMP/SMX. 
This regimen would be useful for many women, as it is 
known that certain antimicrobial therapy can disrupt the 
20 urogenital flora for several weeks and can even induce 
recurrences of UTI. 

It is anticipated that in some patients , twice 
weekly lactobacillus or skim milk or LGF therapy may be 
needed to achieve a protective flora. 
25 Occasionally, the virulence of uropathogens and 

the extent of their urogenital colonization will require 
extended antimicrobial therapy to eradicate the infecting 
bacteria and provide lactobacillus with an opportunity to 
potentially protect the patient. 
30 Thus, both methods offered a degree of 

protection for the patient, without any side effects, 
especially the lactobacillus. 

A randomized, controlled clinical trial was 
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carried out to compare the use of lactobacillus vaginal 
supplementation with the use of a LGF to reduce the 
incidence of uncomplicated, lower urinary tract 
infections CUTI) in adult, premenopausal women. 

5 »ra4-«aT-T aTs and Wot-tinds 
Patients 

Fifty five healthy women, aged 22 to 49 years 
(mean 34 ± 6), were accrued, having signed a voluntary 
consent form approved by the Health Review Board of the 
10 Toronto General Hospital. 

n^i-y- Y gT-iteria and Pre-Tria1 WorK-Pp 

The entry criteria were: (i) a history of at 
least 4 UTI in the past 12 months, with each one having 
symptoms and requiring antibiotic therapy, and with at 

15 least two being documented by cultures (>10=organisms/ml 
mid stream urine) , or alternatively, be receiving long 
term (>3 months) low dose antibiotic therapy to prevent 
recurrences of UTI, and have had one positive culture 
"'prior to starting the study; (ii) a full urological work 

20 up to ensure there was no urinary tract abnormalities. 
This included urine culture and sensitivity, KUB X-ray, 
ultrasound of abdomen or intravenous pyelogram, 
cystoscopy and uroflow plus ultrasound (within 12 months 
of entry) - The urogenital flora was also cultured for 

25 baseline lactobacillus counts. In addition, the presence 
of a sexually transmitted disease (bacterial, viral, 
chlamydia) was ruled out by culture. Patients with 
sterile urine were entered into the study. 

patients were excluded if they had abnormal 

30 renal function (serum creatinine >110 umol/1, upper limit 
90 umol/1) and /or pyelonephritis, diabetes mellitus, 
abnormal serum glucose, a neurogenic bladder, if their 
antibiotic therapy could not be discontinued, or if they 
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were on prednisone or immunosuppressive drugs . 

S;^tnp1<a size and Justiif icatiion 

Based upon the analysis of past data on 
symptomatic, culture-confirmed UTI in 26 women meeting 
5 study eligibility criteria, it was decided that a 

clinically significant reduction of 50% would require a 
- sample size of 28 patients in each arm of the study. 
This included an allowance for a nonparametric analysis 
(Wilcoxon S\im Rank Test) requiring a further 16% increase 

10 in sample size, and allowance for up to 20% drop-out, 

loss to follow-up etc. . Randomization was stratified by 
8 or more UTI per year and those with 4 to 8 per year, 
and also by long term antibiotic use. The purpose was to 
try to get balanced treatment allocation among variables 

15 that may correlate with outcome- Whilst the numbers were 
small for subgroup analysis, the information was deemed 
useful to obtain. 

PygpaT-at- jon of Lactob g»r!T nii g and LXSF Suppositories 

Two known in the art Lactobaci 1 lus strains Lls. 

20 casei var rhamnosus R-1 and L. f ermentum B-54 were 

selected wherein the relatively hydrophillic GR-l and 
hydrophobic B-54 had been shown to be well adherent to 
uroepithelial cells , to block to -some degree adhesion by 
uropathogens , to produce inhibitory substances against 

25 E>coli and Enterococcus faecal is ^ to resist some 
antimicrobial agents and nonoxynol-9, and to form 
coaggregates similar to those found in the vagina of 
healthy women. 

The organisms were inoculated from frozen {- 

30 70'C) culture vials onto Lactobacillus MRS agar, an 

enriched medium. Following 48 hours culture at 37 "c in 
. 5% CO,, the organisms were checked for purity and 
subcultured into 3ml MRS broth then 25 ml broth for 
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another 2 x 24 hours, rinally, the cultures were grown 
in batch MRS broth to obtain sufficient yields for the 
study, then the organisms were washed in sterile saline, 
suspended in sterilized skim milk powder and freeze 
5. dried. The lyophilized bacteria were checked for purity 
and potency monthly for the duration of the study. The 
purity was maintained and the potency was found to over 1 
X 10' viable organisms per vial. The organisms were 
dispensed into 0.5g aliquots in size 00 gelatin capsules. 
10 The capsules were transferred to the Pharmacy Department 
at the Toronto General Hospital, where they were stored 
at 4°C and distributed to individual patients in a 
randomized manner to which the principal investigators 

were blinded. 

The LGF was suspended in distilled water, 
autoclaved, then freeze dried and dispended as 0.5g 
aliquots into size 00 gelatin capsules. 

The research nurse instructed the patient on 
how to insert the suppositories into the vagina. The 
20 procedure was carried out prior to going to bed at night, 
"'and at weekly intervals for 12 months. During 
menstruation, the patient did not insert a suppository 
but recommenced the application immediately following, 
menses. The patient was instructed not to have 
25 intercourse on the night of suppository insertion. 

ip»Tir^-«p , outco i»«> »«asure F «»a Measurement of Compliance 

Patients were seen in follow-up visits within 
the first two weeks of commencing therapy, and at the end 
of each month. The visits were arranged, where possible, 
30 seven days after insertion of a suppository. At each 
visit, the following procedures were performed: (i) a 
mid-stream urine sample was provided for culture, (ii) a 
vaginal swab and pH measurement were taken by the nurse 
and lactobacillus numbers measured by semi-quantitative 
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culture and adherence per 50 gram stained epithelial 
cells, (iii) the suppository vial was returned to assess 
compliance, (iv) the patient's diary was inspected and 
the patient questioned about compliance, side effects, 
5 symptoms, antibiotic therapy or other improved or adverse 
effects to her health, and (v) another suppository vial 
was dispensed by the Pharmacy • 

If the patient developed symptoms or UTI 
(urgency, frequency, dysuria, pyuria, suprapubic 
10 discomfort), she provided a mid-stream urine sample, 

preferably first morning, in a sterile container. She 
placed a Multistix strip (Ames) and dip-slide (McConkey's 
and blood agar) into the urine, as previously instructed, 
and read a positive result of the former by colour 
15 changes representing leukocytes (purple) and nitrites 
(pink) indicative of uropathogenic infection- She also 
took a vaginal specimen and sent the samples for 
immediate culture. Infection was confirmed with the 
finding of >10* single species of gram negative bacteria 
20 or >10* single species of gram positive cocci per ml 

urine. The patient instituted three days of antibiotic 
therapy (norfloxacin 400mg x 2 or an alternative). If 
the culture turned out to be negative or with 
insignificant counts, the nurse recorded the results as 
25 institution of antibiotic -therapy without inf ection . The 
infected patient was instructed to commence suppository 
insertion immediately after antibiotic use, and to send a 
urine sample for culture within one week to ensure 
eradication of infection. If the patient continued to 
30 have symptoms, along with bacteriuria upon one week 

follow-up, she ceased suppository use and was given 7-10 
days antibiotics, based upon sensitivity to a drug. 
Lactobacillus or LGF therapy was commenced immediately 
upon completing use of the drugs. 
35 If an episode of asymptomatic bacteriuria (>10' 
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uropattiogenic bacteria per ml mid-stream urine) was 
detected upon routine monthly check-up, the patient was 
asked to self test her urine twice daily with a Multistix 
dip-strip. If there was a persistent positive result 
5 over one week confirmed by one additional culture, 

antibiotic administration was initiated and she followed 
the protocol for symptomatic infection^ 

Results 

The drop out rate for the study was as 
10 predicted (22%), and the total patient accrual was also 
as expected (24 in LGF and 25 in lactobacillus group). 
Only six of the fifty five patients were excluded within 
the first two weeks of study due to never having complied 
(4) and being found to be pregnant within the first two 
15 weeks of study. (2) Eleven patients did not complete 
the full 12 month study due to recurrences of UTI ( 4 ) , 
moving home (4), pregnancy later in the study (2) and 
receiving other therapy (!)• 

The results are shown in Table 2 below: 



I 
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Table 2: The results for the clinical study of 
lactobacillus and LGF treated patients 

Lactobacillus Treated LGF Treated 

Pat# Prev LTT Study Symp Pat# Prev LTT Study Symp 
5 UTI Time UTI UTI Time UTI 





101 


5 


N 


51 


1 


103 


4 


Y 


52 


1 




102 


4 


Y 


52 


0 


104 


7 


Y 


52 


0 


10 


107 


4 


N 


52 


1 


105 


4 


Y 


52 


1 




108 


4 


N 


55 


2 


106 


4 


N 


52 


2 




112 


7 


N 


52 


0 


109 


4 


N 


52 


0 




113 


4 


N 


51 


1 


110 


4 


Y 


54 


0 




118 


4 


N 


53 


0 


114 


5 


N 


52 


0 


15 


122 


6 


Y 


52 


4 


117 


5 


Y 


54 


1 




124 


5 


Y 


52 


0 


119 


4 


N 


52 


4 




125 


4 


N 


52 


0 


121 


4 


Y 


52 


0 




129 


4 


N 


53 


^4 


123 


4 


N 


52 


1 




205 


12 


Y 


54 


3 


127 


4 


Y 


53 


0 


20 


206 


8 


N 


52 


5 


128 


6 


Y 


54 


1 




210 


6 


Y 


52 


0 


130 


6 


Y 


53 


1 




219 


7 


Y 


52 


4 


141 


4 


Y 


52 


1 




349 


4 


N 


52 


0 


202 


8 


Y 


52 


0 




351 


8 


Y 


52 


1 


207 


7 


Y 


52 


2 


25 












208 


12 


Y 


53 


0 














215 


8 


N 


56 


1 














217 


12 


N 


53 


2 














301 


4 


N 


54 


2 










Did not 


complete study: 








30 


111 


5 


N 


39 


1 


211 


4 


Y 


16 


1 




116 


4 


N 


20 


1 


216 


12 


N 


15 


2 




126 


4 


Y 


19 


0 


396 


8 


Y 


12 


0 




204 


lb 


N 


32 


3 














212 


6 


Y 


17 


4 












35 


214 


7 


Y 


35 


2 














218 


12 


Y 


16 


1 














382 


6 


Y 


16 


3 













Pat# = patient identification number; 

40 Prev UTI = number of UTI in previous 12 months; 

LTT = patient on long term therapy (Y) or not on 

long term therapy (N) upon entry to study; 
Study Time - in weeks; 

Symp UTI = number of symptomatic urinary tract 
45 ^ infections during the study. 
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The primary objective of the study was to 
examine how many UTI recurrences occurred with the two 
therapies- The results showed that very few (26) 
. recurrences of UTI occurred over one year in a group of 
5 17 lactobacillus treated patients who completed the 

trials and 20 UTI'^s occurred in the LGF group- There was 
no statistical difference between the incidence of acute, 
symptomatic UTI per year in the lactobacillus treated 
group of 25 patients compared to the 24 who were treated 

10 with LGF suppositories (p=0.686). There was also no 

statistical difference with respect to the mean number of 
asymptomatic infections between the two groups (1.0 UTI 
per year for lactobacillus patients, 0.6 for LGF: 
p=0.357). There was a substantial decrease in the 

15 symptomatic UTI rate compared to the previous 12 months , 
for patients given lactobacilli (73-1% reduction) and 
those given LGF (81.1%). This translated into an average 
of 1.9 and 1.0 UTIs per year per patient in the 
lactobacillus and LGF treated groups respectively 

20 * compared to 5.6 and 6.0 respectively for the previous 

year. In the combined group, most (67%) patients had 0-1 
infections per year, while a subgroup of 6 women (12%) 
acquired 4 or more of the infections recorded. 

Of the patients given lactobacillus, 12 had 

25 been on long term antibiotic therapy and they 

subsequently acquired 22 UTI on study compared to 19 UTI 
in the other 13 patients who had not been on long term 
antibiotic therapy (p=0-966). In the LGF treated group, 
15 patients had previously been on antibiotic prophylaxis 

30 and they acquired 9 UTI (versus 14 UTI for the other 9 
patients previously not on antibiotic prophylaxis ) . 

Dipsticks were used to detect infections at 
home and in the clinic. Of a total of 524 tests, the 
dipsticks were found to give a true positive result 
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confirmed by culture in 100/111 (90%) of cases, and a 
true negative result confirmed by culture in 225/413 
(54%) of cases- This translated into a sensitivity of 
35% (100/288) and specificity of 95% (2225/236). 
5 The recurrences of UTI were caused by standard 

uropathogens : E.coli (57%), streptococci (including E- 
faecalisl (16%), Klebsiella 10%, staphylococci (10%), 
coliforms (3%), Enterobacter (2%) and Proteus (2%). 

The vaginal pH was found to range from 3.5 to 

10 7.5 over the study, with mean monthly values of 4.6 to 

5.0 for the lactobacillus treated patients and 4.6 to 5.0 
for the LGF treated group (no statistical difference 
between the groups ) . 

The Lactobacillus semi -quantitative viable 

15 counts from vaginal swabs were monitored prior to and 
during study. Figure 1 shows the mean values for 
lactobacillus colonization and demonstrates that 
supplementation with L. casei GR-1 and L- fermentum B-54 
and the use of LGF led to an increased viable count of 

20 lactobacilli from the baseline level every month 
throughout the study (except for month 4, p<0.5). 
Although not statistically significant, there was a trend 
towards higher numbers of lactobacilli in the patients 
treated with GR-1 and B-54 than in the LGF treated group, 

25 especially after 7 months. The lactobacillus viable 

count for the patients given GR-l/B-54 therapy showed a 
trend (p=0.061) towards being greater during the second 
six months of the study, compared to the first six 
months. In addition, the symptomatic infection rate was 

30 lower during the last six month period when lactobacillus 
numbers were elevated (P= 0.232). Colony morphology and 
gram stain analysis by the technician (using a blinded 
numbering system) showed that GR-1 and B-54 could be 
correctly differentiated from other lactobacilli in 76% 

35 of the specimens from patients given suppositories 
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containing these organisms. It was evident that 
throughout the course of the study, GR-1 and B-54 were 
indeed present and viable every week after insertion. 

The analysis of lactobacilliis adhesion counts 
5, per vaginal epithelial cell showed no difference between 
the two groups for all samples tested (14 per cell for 
the lactobacillus treated versus 13 per cell for LGF 
treated). However, for the lactobacillus treated group, 
there were twice as many adherent lactobacilli present in 

10 patients with 0-1 UTXs per year compared to those with >2 
UTIs per year (mean 17 adherent per cell versus 9). A 
comparison of the adherence and viable count data showed 
that values between 0 to 9 bacteria per cell corresponded 
to viable counts with a mean 2.5 x 10*^, while values > 17 

15 per cell corresponded to viable coxints of 4.8 x 10*, 
indicating a degree of correlation. 

The primary analysis showed there to be no 
difference between the infection rates between the two 
treatment groups. Rather than suggest that the 

20 lactobacillus group showed no effect on the infection 

rate, there are many findings which indicate that the two 
modes of therapy did protect the patients. The entry 
criteria did not recpiire the close patient scrutiny and 
UTI confirmation that occurred during the study, and 

25 therefore the infection rate for the past 12 months is 
just as likely to be higher as it is lower (for example, 
asymptomatic or symptomatic UTI may have occurred without 
being recorded) . The infection rate during study was 
extremely low (1.9 and 1.0 per patient per year 

30 respectively for the lactobacillus and LGF groups) for 

such a high risk group of patients. This rate includes a 
subgroup of S patients who experienced 4 or more UTIs per 
year. 

Twenty seven of the patients had been on long 
35 term antibiotic therapy. A prior art study was carried 
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out with similar inclusion criteria to the present one, 
to investigate whether three antimicrobial regimens 
reduced the recurrence rate for UTI in 67 women • 
(Brumfitt W, Hamilton-Miller JMT, Gargon RA, Cooper J, 
5 Smith GW, 1983. Long-term prophylaxis of urinary 

infections in women: comparative trial of trimethoprim, 
methenamine hippurate and topical povidone-iodine • J.. 
Urol 130: 1110-1114 •) Using the same method as here to 
determine the decrease in the infection rate from the 

10 previous year, the study found there to be 2.3 infections 
per year using nightly trimethoprim (lOOmg) , 2.4 per year 
using a povidone-iodine perineal wash and 2 . 0 per year 
using l,000mg methanamine-hippurate every 12 hours • 
Twenty three per cent of patients dropped out prematurely 

15 from the antimicrobial study and side effects of nausea, 
vomiting, gastrointestinal reactions and vulval rash were 
reported- Although only one mild occurrence of a side 
effect was reported using trimethoprim, there was an 82% 
resistance rate in organisms taken from patients treated 

20 with this antibiotic. Clearly, the present trial stands 
up well with that antimicrobial study, with no side 
effects, no drug resistance and lower rates of UTI 
recurrence . 

It did appear that the instilled lactobacilli 
_25 survived and grew, in the urogenital tracts of the ^ 
patients, based upon the morphological identification of 
strains GR-l and B-54 from vaginal cultures and cells, 
and from the increased lactobacillus colony counts 
following suppository insertion. This is an important 
30 ecological finding, as some scientists have questioned 
whether or not implanted organisms could survive in the 
host^ From Figure 1, it would appear that the 
colonization level increased during the second six month 
period of the study, particularly in the lactobacilli 
35 treated patients. This coincided with a reduced 
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infection rate. Whether this finding means that the 
inserted lactobacilli took several months to become fully 
established remains to be verified. 

One of the criteria for selecting strains L. 
5 oasei var rhamnosus GR-1 and L. fermentum B-54 was their 
known adhesiveness to uroepithelial cells in vitro (54 
and 39 bacteria per cell, respectively). Clearly, the 
levels of adhesion found in vivo were much lower. This 
could have been due to their freeze dried status when 

10 implanted, to the difference in nutrients available 
compared to the in vitro assays, to a difference in 
receptor sites between the sloughed uroepithelial cells 
and vaginal cells, or reasons unkno%m. Similar 
discrepancies have been found for uropathogenic E. coli 

15 adherence_iii_vivQ and in vitro . A previous clinical 

study (Bruce et al., "Preliminary study on the prevention 
of recurrent urinary tract infection in adult women using 
intravaginal lactobacilli", Int Urogynecol J (1992)3:22- 
25 ) using intravaginal lactobacilli showed that an 

20 adhesion count greater than 4 bacteria per cell 

correlated with viable counts greater than 100,000 
lactobacilli. In the present study, there was clearly 
sTibstantial in vivo colonization: if each cell has 17 
adherent lactobacilli, then only 2.82 x 10= cells would 

25 need to be coated to correspond to 4.8 x 10*' viable 
organisms. This is not an unrealistic expectation 
considering that this number of vaginal cells, side by 
side, would only cover a 3cm' surface area. 
Alternatively, the organisms could be colonizing the 

30 vaginal mucus and not be adherent to cells. 

An interesting secondary finding was the very 
low (35%) sensitivity and very high (95%) specificity of 
the leukocyte nitrite dipsticks for detection of 
bacteriuria. This indicates some degree of use in the 

35 specificity of this quick method to determine whether or 
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not a patient is suffering from UTI , but it also showed 
there are serious limitations to the sensitivity of the 
results . 

There was no statistically significant 
5 difference in the infection rate for the two groups over 
the study. Based upon the UTI rate for the previous 12 
months, there was a net 73,1% reduction in the 
symptomatic infection rate for patients given 
lactobacilli , and 81.1% reduction for those patients 

10 whose indigenous flora was stimulated with LGF. Most of 
the recurrences occurred in a small group of patients and 
all were caused by common uropathogens , with E. coli 
being responsible for 57%. No significant side effects 
arose during the study. The lactobacillus viable counts 

15 in the vagina were higher than the pretrial baseline 
values for both groups, but especially after 7 months 
lactobacillus therapy. There were twice as many adherent 
lactobacilli per vaginal epithelial cell for patients 
with 0-1 UTIs per year compared to those with 2 or more 

20 per year. In summary, this example shows that recurrent 
UTI can be reduced in high risk patients using the two 
new prophylactic measures tested. 

Example 3 

In order jto confirm that LGF had a specific 
25 role in stimulating the indigenous lactobacillus flora of 
patients, a study was carried out on 13 healthy adult 
female volunteers. Their indigenous lactobacillus count 
was measured by swab and culture and taken as a baseline 
figure. Then, a single LGF vaginal suppository was 
30 administered and the patients returned one week later for 
vaginal swab and culture. The results shown in the Table 
3 below demonstrate very clearly the significant impact 
(81.4% increase) of the therapy on the protective 
lactobacillus flora . 
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^^[bl^'^T^^h^results of lactobacillus vaginal counts 

after treating 13 women with a single specially 
prepared suppositories containing lactobacillus 
nutrients. Xn all 13 speciiaens, the 
lactobacillus total vaginal count increased by 
a percentage means of 81.4 ± 19.7 over one 
week . 



10 



15 



20 



Patient 
Number 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 



Lactobacillus Viable Counts per ml Percentage 
pj-ior to Treatment After Treatment Difference 



>^000 
^000 
i,.000 
^^800 



J., 000 
1^800,000 
25,300 
700,000 
6,500 
70,000 
180,000 
4,000 
2,000 



361 
132 
165 
34 
28 
2,880 
50 
5,000 
256 
370 
6,200 
9 
17 



,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 



+99% 
+95% 
+96% 
+80% 
+96% 
+3 8% 
+49% 
+86% 
+97% 
+81% 
+97% 
+56% 
+88% 



•Rvam pTe 4 

25 The application further supports an earlier 

finding in 10 women who were given the lactobacillus 
suppositories once or twice weekly for over one year 
(Bruce et al. , supra). In that group, there was a net 
resultant reduction in bladder infection rate of 77.3%. 

30 This is again a highly significant result and provides 
strong support for the claims, especially as the strains 
have been shown to possess specific hydrophobic and 
hydrophillic properties and produce cellular and 
extracellular adhesins. In this latter study, the 

35 adhesion of lactobacillus had to achieve > 10^ organisms 
per ml when a mucosal tissue swab was taken and suspended 
for culture. The use of different dosages was found to 
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depend upon the patient's receptivity for lactobacilli , 
with more than one weekly treatment sometimes being 
required. Again, no serious side effects were found. 

Example 5 

5 The characteristics of the lactobacillus are 

most important for their selection. The first is their 
ability to colonize surfaces. The organisms can achieve 
this through hydrophobic and hydrophillic mechanisms of 
binding to biomaterial (catheters, prosthetic devices) 

10 and cell (intestinal, vaginal, uroepithelial ) surfaces. 
Hydrophobicity can be well measured using a technique 
called contact angle with water. The higher the angle, 
the more hydrophobic the organism. The testing of 23 
strains, as shown in Table 4 below, has shown that the 

15 contact angle should be >19 degrees for lactobacillus to 
have adherence characteristic potential. 
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Table 4 

Water 



Adhesive Lactobacilli Contact Angle 



5 L. acidophilus 68 74 

75 66 

RC-14 102 

T-13 80 

L. casei 55 36 

10 8 30 

43 46 

36 19 

62 19 

65 58 

15 70 43 

ATCC 7469 34 

RC-15 52 

RC-17 54 

GR-1 3 3 

20 81 86 

L. fermentum A— 60 29 

B-54 105 

L. gasseri 56 90 

60 67 

25 L. jensenii RC-2 8 87 

<:J^ plantartim RC-S^"^-^ 25 
RC-20__:> 79 



The adhesion of lactobacillus to cells is not a 
30 new finding, as we have shown in our 1987 J. Urology 
paper CR^id et al., "Examination of strains of 
lactobacilli for properties that may influence bacterial 
interference in the urinary tract", J. Urol., 138:330- 
335^ 1987), nor is their adhesion to biomaterials , as we 
35 have shown in our 1988 Microbial Ecology paper (Reid et 
al . , "Adhesion of lactobacilli to polymer surfaces in 
vivo and in vitro ". Micr ob . Ecol . (1988) 16:241-251). 
However, adhesion per se is not sufficient, as in vitro 
experiments do not adequately reflect in vivo 
40 quantitative situations. This is shown from our clinical 
study of 10 patients where adhesion per cell varied from 
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0 to 45 per cell. Thus, the documentation of adhesion in 
vitro does not necessarily demonstrate that the bacteria 
will be adherent in vivo > This means that other adhesion 
characteristics are of importance and the models we test 
5 them on must be more realistic and utilize actual human 
cells in monolayers and commercially used catheters or 
devices that are in place within the urinary tract. To 
that end, lactobacilli have been found to adhere (>1000 
per cm squared) to urinary catheters depending upon their 

10 own hydrophobic/hydrophillic properties- In addition, 
using human intestinal Caco-2 and HT-29 cell lines, 
lactobacilli (strains RC-17, RC-14, RC-20 and others) 
were found to adhere highly (often >60 bacteria per 
cell). Because uropathogenic organisms emerge from the 

15 intestine, lactobacillus should be used to compete with 
these within the intestine, thereby lowering the risk of 
the pathogens infecting the urogenital tract. It should 
be noted that this application can apply to males and 
females. This latest finding represents a different and 

20 not obvious use of lactobacillus implantation into the 
intestine. It also shows the colonization ability of 
strains to in vivo cells. 

In addition, the mechanisms of adhesion for 
lactobacilli to the intestinal epithelial cells was via a 

25 non-proteinaceous cell wall adhesion, and espeGially a 
trypsin sensitive adhesin in the cell supernatant, i.e. 
produced by the cells. This is a new finding, and 
stresses that cell supernatants should be used in 
therapeutic regimens. 

30 Adhesion of lactobacilli to biomaterial 

surfaces was found to be mediated by hydrophobic and 
hydrophillic mechanisms, again a novel discovery. 
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Exam ple 7 

The ability of tiie lactobacillus to resist 
nonoxynol-9 is one characteristic that is of general 
importance. However this property does not improve 
5 adhesion,, thus it is not a vital component of the 

successful selection of the organisms. The key to having 
lactobacilli resistant to nonoxynol-9 is that for 
patients who administer nonoxynol-9 (contained within a 
spemnicide) used as an adjunct to a condom or other 

10 contraception, the installation of lactobacillus will be 
vital to balance the flora, our previous studies 
(McGroarty et al.^ "Influence of the Spermicidal Compound 
Nonoxynoi-9 on the growth and adhesion of urogenital 
bacteria in vitro ". Current Microbiology, Vol. 21 (1990), 

15 pp. 219-223) have shown that nonoxynol-9 usually kills 
lactobacilli and allows urogenital bacterial and fungal 
pathogens to grow and potentially dominate the flora and 
infect the patient. The selection of lactobacilli that 
resist nonoxynol-9 has now been developed and tested in 

20 the three clinical studies described above. There are no 
adverse effects of using nonoxynol-9 resistant strains, 
but the patient using this spermicidal compound will 
likely have fewer urogenital infections. This acts as an 
example of the benefits of resisting the action of an 

25 antimicrobial agent. 

Unlike other definitions of lactobacillus for 
human use, we have found the production of inhibitory 
substances,, such as hydrogen peroxide, need not be 
30 essential for effectiveness. In a study of over 150 
normal women and women with a history of recurrent 
urogenital (yeast and bacterial) infections, we found 
that hydrogen peroxide producing lactobacilli were 
isolated from either group, thus showing that this 
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inhibitory substance does not play a major role in 
defending the host against infection. This study also 
isolated and speciated strains from women, and 
demonstrated the species of lactobacillus which form the 
5 flora of the urogenital tract and make possible Claims 3, 
8 , and 1 6 . 

Of over 150 strains in our collection, most 
show an ability to resist more than one antimicrobial 

10 agent. In the case of vancomycin resistance, this appears 
to correlate to some extent with hydrophillic surface 
properties and nonoxynol-9 resistance, as shown in Table 
5 below. Thus, the surface components that confer 
adhesiveness also impart resistance to antimicrobial 

15 agents. This represents a novel finding. 
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Table 5: 



Strain 



Hydroptiobicity of lactobacilli and relationship 
with susceptibility to vancomycin and 
nonoxynol-9 - 



Contact 
Angle 
( Degrees ) 



Vancomycin 



Nonoxynol-9 



10 



15 



20 



I,, casei 55 
L. gasseri 60 
L- acidophilus 68 
-aoidaphilus— 7S 
pi a ntarum RC- 2 0 

feT RC-15 
jensenii RC-28 




I.- 




36 
67 
74 
65 
79 
52 
87 



casei 8 
casei 70 
casei GR-1 
casei 36 
casei 62 
casei 65 
plantarum RC-6 



Mean 66 ± 15 
30 
43 
33 
19 
19 
58 
25 



Mean 32 ± 13 



S 

s 
s 
s 
s 
s 
s 

R 
R 
R 
R 
R 
R 
R 



S 

s 
s 
s 
s 
s 
s 

R 
R 
R 
R 
R 
R 
R 



25 R = resistant, S = susceptible 

-Mean of 66 is significantly greater than 32 (Chi-squared 
test, p<0.001) . 



In order for lactobacillus to survive and 
continue to protect the host, it is important that these 

30 organisms possess antimicrobial activity, particularly 
against co-trimoxazole, the most commonly used 
antimicrobial agent against bladder infection. Resistance 
to co-trimoxazole has been documented in our studies. The 
testing of 125 lactobacillus strains showed resistance to 

35 one or more antimicrobial agents. Table 6 below is an 
example of antimicrobial susceptibility patterns: 
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TABLE 6: EXAMPLE OF ANTIMICROBIAL SUSCEPTIBILITY 
PATTERNS 



L. JENSENII 



NO OF 

STRAINS 

TESTED 



AM AN C CC CF E NN P S SXT Te Va 



1 1 






1 1 
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L. ACIDOPHILUS 
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1 1 
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1 1 1 
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3 
I 
I 
I 
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L. FERMENTUM ilHUIHII I I 



lllllllllllillllll lllllllll 



L. PLAMTARUM 



lllllliriHBIIIIIIIIIIIilllllllllllllll lllllllllllllllllllllllillllllllllllllllllllll lllllllll 



NOTE: 

THE ANTIBIOTICS USED WERE AMPICILLIN(AM ). 

AMIKACIN(AN).CHLORAMPHENICOLCC).CLINDAMYCINCCC) 

CEPHALOTHIN(CF).ERYTHROMYCIN(E).TOBRAMYCIN(NN). 

PENICILLIN(P).STREPTOMYCINCS).SULFAMETH0XAX0LE/ 

TRIMETHOPRIM(SXT),TETRACYCLINE(T).VANCOMYCIN(V). 



RESISTANT 



SUSCEPTIBLE 



wo 93/09793 



PCr/CA92/00491 



36 



The use of lactobacillus within a skim milk 
powder or LGF base in a gelatin suppository results in a 
stable preparation >1000M viable organisms per 0.5 g over 
5 12 months. 



10 



While the invention has been described in 
detail and with reference to specific embodiments 
thereof, it will be apparent one skilled in the art that 
various chanaes and modifications can be made therein 
without departing from the spirit and scope thereof. 
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WE CLAIM: 

1. A method for the prevention of urogenital 
infections caused by pathogenic organisms which comprises 
administering an amount of skim milk powder vaginal 

5 suppository, a lactobacillus growth factor or hydrophobic 
and/or hydrophillic lactobacillus which have a contact 
angle with water >19 degrees, which colonize 
biomaterials , intestinal, vaginal and uroepithelial 
cells, which are resistant to certain antimicrobial 
10 agents, and which dominate the urogenital flora. 

2. The method of Claim 1 wherein said 
lactobacillus is a species which is aerobically, 
anaerobically or roicroaerophillically grown. 

3- The method of Claim 2 wherein said 

15 lactobacillus is selected from group consisting of L_,. 
casei, L. acidophilus . L. plantarum . L. fermentum , L. 
iensenii , L. aasseri , cellobiosu s , L. crispiatu s , and 
L> brevis . 

4. The method of Claim 2 wherein said 

20 lactobacillus is a species which is aerobically grown. 

5. The method of Claim 4 wherein said 
lactobacillus is L. casei and/or L> fermentum . 

6. The method of Claim 4 wherein said 
lactobacillus is selected from the group consisting of L. 

25 casei var rhamnosus GR-1 , L. fermentum B-54 , L. casei RC- 
17, RC-15, 55, 8, 70, 36, 62, 65, L. acidophilus RC-14, 
68, 75, L. plantarum RC-20, RC-6, L. iensenii RC-28, L_.. 
casei RC-15, and L. aasseri 60. 
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7. The method of Claim 2 wherein said 
lactobacillus is a species which is nicroaerophillically 
grown. 

8. The method of Claim 7 wherein said 

5 llctobacillus is selected from the group consisting of L.. 
casei, r. acido philus , t.. plantarum. T,. fermentum, 
Oensenii, T., crasseri. T. . cpllobiosus, T.. ci-ispatu s, and 
T.- brevis . 

9. The method of Claim 8 wherein said 

10 llctobacillus is selected from the group consisting of 

casei var r-hamnosus GR-1, T,. fermentum B-54, I., pasei RC- 
17, RC-15, 55, 8, 70, 36, 62, 65, T, acidophilus RC-14, 
68, 75, T., plantarum RC-20 , RC-6 , T.. jensenii RC-2e , 
casei RC-15 , and T.. gasseri 60. 

15 10- The method of one of Claims 1, 2 or 3 wherein 

said infection is associated with the use of a urinary 
, catheter or other prosthetic device. 

11. The method of Claim 1 wherein said 

lactobacillus is administered as viable whole cells. 

20 12. A method for the prevention of urinary tract 

infections of a mammal in need of such treatment which 
comprises coating at least a portion of the urogenital 
tract and/or biomaterial prosthesis with lactobacillus, 

skim milk, or LGF, 

25 13. A method for the prevention of urinary tract 

infections of a mammal which utilizes a composition 
comprising lactobacillus organisms within a suitable 
pharmaceutically acceptable carrier and, optionally, an 
antimicrobial agent. 
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14. A method according to Claim 13 wherein said 

pharmaceutically acceptable carrier is a gelatin 
suppository, especially useful for oral and/or vaginal 
implantation • 

5 15. A method according to Claim 13 wherein said 

pharmaceutical ly acceptable carrier is skim milk or a 
lactobacillus growth factor in powder or other form. 

16 i A method according to Claim 13 wherein said 

lactobacillus is selected from the group consisting of L. 

10 casei , L. acidophilus , L> plantarum , L. fermentum^ L . 
iensenii , L. gasseri , cellobiosus , L. crispatus , L> 
brevis, L* casei var rhamnosus GR-l , L. fermentum B-54, 
L, casei RC-17, RC-15 , 55, 8, 70, 36, 62, 65, L. 
acidophilus RC-14, 68, 75, L. plantarum RC-20, RC-6 , L. 

15 iensenii RC-28, casei RC-15, and L. gasseri 60. 

17. A method according to Claim 1 wherein the 
lactobacillus attach to human epithelial cells to a level 

^ of 10 to 165 organisms per cell. 

18. A method according to Claim 1 wherein the 
20 mechanism of adhesion of lactobacillus involved 

hydrophobic or hydrophil lie interactions. 

19. A method according to Claim 1 wherein the 
mechanism of adhesion of lactobacillus involves non- 
proteinaceous cell wall adhesins on the lactobacillus and 

25 proteinaceous adhesins in the surrounding supernatants . 

20. A method to prevent post-antimicrobial 
urogenital infections caused by pathogenic organisms 
which comprises administering an amount of skim milk or a 
lactobacillus growth factor within a pharmaceutically 
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acceptable carrier. 

21- A method to prevent post-antimicrobial 

xirogenital infections caused by patKogenic organisms 
which comprises administering an amount of lactobacillus 
5 within a pharmaceutically acceptable carrier. 

22. A method to prevent post-antimicrobial 

urogenital infections caused by pathogenic organisms 
which comprises administering an amount of supernatant 
within a pharmaceutically acceptable carrier. 

10 23. A method according to Claims 1, 20^ 21 or 22 

where the pathogenic organisms are bacteria or fungi. 

24. A method to prevent recurrent urogenital 

infections in mammals caused by pathogenic organisms 
which method comprises the steps of (a) administering an 

15 effective amount of a urogenital antimicrobial agent to 
substantially eradicate vulnerable said pathogenic 
organisms; and 

Cb) administering an effective amount of skim 
milk powder or LGF vaginal suppository or hydrophobic 

20 and/or hydrophillic lactobacillus which have a contact 
angle with water >19 degrees, which colonize 
biomaterials ^ intestinal, vaginal and uroepithelial 
cells, which are resistant to said antimicrobial agent, 
and which dominate the urogenital flora. 

25 25. A method as claimed in Claim 24 comprising 

administering said urogenital antimicrobial agent in 
admixttire with said skim milk and/or LGF and/or 
lactobacillus . 

26. A pharmaceutical composition comprising said 
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urogenital antimicrobial agent in admixture with said 
skim milk and/or LGF and/or lactobacillus and, 
optionally, a pharmaceutical ly acceptable carrier, 
therefor. 

5 27. A vaginal suppository comprising skim milk 

powder . 

28. Use of skim milk or LGF for the prevention of 
urogenital infections. 

29. Use of skim milk or LGF for the manufacture of 
10 a medicament for the prevention of urogenital infections. 

30. Use of hydrophobic and/or hydrophillic 
lactobacillus which have a contact angle with water >19 
degrees and which dominate urogenital flora for the 
prevention of urogenital infections. 

15 31. Use according to Claim 30 wherein the 

lactobacillus further have the ability to adhere to at 
least one of biomaterials, intestinal cells, vaginal 
cells and uroepithelial cells. 

32. Use of hydrophobic and/or hydrophillic 

20 lactobacillus which have a contact angle with water >19 
degrees and which dominate urogenital flora in the 
manufacture of a medicament for the prevention of 
urogenital infections . 
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